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The new england journal of medicine 1742 uberculous meningitis is the severest form of infection with Mycobacterium tuberculosis, causing death or severe neurologic deficits in more than half of those affected in spite of antituberculosis chemotherapy. 1,2 Attenuation of the inflammatory response in bacterial and mycobacterial meningitis may improve outcome by reducing the likelihood or severity of neurologic complications. Early studies suggested that corticosteroids reduced cerebrospinal fluid inflammation and time to recovery in patients with tuberculous meningitis, but the studies were too small to confirm any effect on survival. [3] [4] [5] [6] [7] Concern remained that corticosteroids might reduce the case fatality rate but increase the number of disabled patients. 8 Randomized trials performed in Egypt 9 and South Africa 10 provided evidence that corticosteroids improved survival in children with severe disease and probably reduced neurologic sequelae.
A meta-analysis of all randomized controlled trials of corticosteroids for tuberculous meningitis suggested that corticosteroids were effective in reducing the risk of death in children (relative risk, 0.77; 95 percent confidence interval, 0.62 to 0.96) but not in patients over 14 years of age (relative risk, 0.96; 95 percent confidence interval, 0.50 to 1.84), although only six trials involving a total of 595 patients (158 adults) met the inclusion criteria, 11 and there were no data on patients coinfected with the human immunodeficiency virus (HIV). The authors concluded that small numbers of patients, poor concealment of the treatment-group assignments, and publication bias could account for the positive results, and that studies in patients with HIV infection and studies of a size large enough to assess morbidity and the case fatality rate were required. 11 Therefore, we conducted a double-blind, placebocontrolled trial to determine whether adjunctive dexamethasone therapy improves the outcome in patients over 14 years of age who have tuberculous meningitis, with or without HIV infection.
study participants
We recruited study participants from two centers in Ho Chi Minh City, Vietnam: Pham Ngoc Thach Hospital for Tuberculosis and Lung Disease and the Hospital for Tropical Diseases. These 500-bed hospitals serve the local community and act as tertiary referral centers for patients with severe tuberculosis (Pham Ngoc Thach Hospital) or infectious diseases (Hospital for Tropical Diseases) in southern Vietnam.
Only patients over 14 years of age with clinical evidence of meningitis (defined as the combination of nuchal rigidity and cerebrospinal fluid abnormalities) were eligible to enter the study. Tuberculous meningitis was defined as "definite" if acid-fast bacilli were seen in the cerebrospinal fluid. It was defined as "probable" in patients with one or more of the following: suspected active pulmonary tuberculosis on chest radiography, acid-fast bacilli found in any specimen other than the cerebrospinal fluid, and clinical evidence of other extrapulmonary tuberculosis. Tuberculous meningitis was defined as "possible" in patients with at least four of the following: a history of tuberculosis, predominance of lymphocytes in the cerebrospinal fluid, a duration of illness of more than five days, a ratio of cerebrospinal fluid glucose to plasma glucose of less than 0.5, altered consciousness, yellow cerebrospinal fluid, or focal neurologic signs.
Patients were reclassified on discharge as having definite tuberculous meningitis if acid-fast bacilli were seen or M. tuberculosis was cultured from the cerebrospinal fluid, or as not having tuberculous meningitis if another diagnosis was confirmed by microbiologic or histopathological evaluation.
Patients were not eligible to enter the trial if the enrolling physician believed that corticosteroids were contraindicated, if the patient had received more than one dose of any corticosteroid or more than 30 days of antituberculosis chemotherapy immediately before study entry, or if the consent of either the patient or the patient's relatives was not obtained.
The ethics and scientific committees of both hospitals, the Health Services of Ho Chi Minh City, and the Oxfordshire Clinical Research Ethics Committee approved the study protocol. The funding body played no part in the design, implementation, or analysis of the study or in the decision to publish the results. Written informed consent to participate in the study was obtained from all patients or from their relatives if the patient could not provide consent.
laboratory investigations
Cerebrospinal fluid specimens were stained and cultured by standard methods for pyogenic bacteria, fungi, and mycobacteria. Isolates of M. tuberculosis were tested for susceptibility to isoniazid, rifampin, pyrazinamide, ethambutol, and streptomycin. All patients were tested for antibodies to HIV and hepatitis B surface antigen. CD4 lymphocyte counts were performed by flow cytometry (FACSCalibur, Becton Dickinson) for all HIV-infected adults as soon as possible after randomization.
treatment
Adults previously untreated for tuberculosis received three months of daily oral isoniazid (5 mg per kilogram of body weight), rifampin (10 mg per kilogram), pyrazinamide (25 mg per kilogram; maximum, 2 g per day), and intramuscular streptomycin (20 mg per kilogram; maximum, 1 g per day), followed by six months of isoniazid, rifampin, and pyrazinamide at the same daily doses. Ethambutol (20 mg per kilogram; maximum, 1.2 g per day) was substituted for streptomycin in the cases of HIVinfected patients and was added to the regimen for three months for patients who had been treated previously for tuberculosis. Drugs were administered by nasogastric tube to patients who were unable to swallow. None of the patients received antiretroviral drugs.
Patients were stratified on entry according to the British Medical Research Council criteria, modified as follows 12 : patients with grade I disease had a score on the Glasgow Coma Scale of 15 (possible range, 3 to 15, with higher scores indicating better status) with no focal neurologic signs; patients with grade II had a score of either 11 to 14, or of 15 with focal neurologic signs; and patients with grade III had a score of 10 or less. Patients within each grade were randomly assigned to receive dexamethasone sodium phosphate or placebo (VIDIPHA, Vietnam) as soon as possible after the start of antituberculosis treatment. Patients with grade II or III disease received intravenous treatment for four weeks (0.4 mg per kilogram per day for week 1, 0.3 mg per kilogram per day for week 2, 0.2 mg per kilogram per day for week 3, and 0.1 mg per kilogram per day for week 4) and then oral treatment for four weeks, starting at a total of 4 mg per day and decreasing by 1 mg each week.
Prolonged intravenous dexamethasone treatment of patients with mild disease was not considered acceptable. Therefore, patients with grade I disease received two weeks of intravenous therapy (0.3 mg per kilogram per day for week 1 and 0.2 mg per kilogram per day for week 2) and then four weeks of oral therapy (0.1 mg per kilogram per day for week 3, then a total of 3 mg per day, decreasing by 1 mg each week). The concentration of dexamethasone, and the absence of dexamethasone from placebo, were confirmed by liquid chromatography and mass spectroscopy performed on 10 randomly selected vials of the study drug and placebo.
A computer-generated sequence of random numbers was used to allocate treatment in blocks of 30. Numbered individual treatment packs containing the study drug were prepared for the duration of treatment and were distributed for sequential use once a patient fulfilled the entry criteria. Parenteral placebo and dexamethasone were identical in appearance, as were oral placebo and dexamethasone.
The attending physicians were responsible for enrolling the participants and ensuring that the study drug was given from the correct treatment pack. Daily monitoring of all inpatients by one of the authors ensured uniform management between sites and accurate recording of clinical data in individual study notes. All participants, enrolling physicians, and investigators remained blinded to the treatment allocation until the last patient completed follow-up.
assessment of outcome
The primary outcome was death or severe disability nine months after randomization. Two experienced Vietnamese physicians at each site were trained to assess disability with the Rankin scale and the "simple questions" score, two well-validated measures of outcome from stroke that have good interobserver agreement. 13, 14 The simple questions categorized outcome in survivors by determining whether they required help with everyday activities such as eating, washing, and going to the toilet. If the patients answered yes, they were regarded as severely disabled. If they answered no, they were asked whether the illness had left them with any other problems. If so, the outcome was designated "intermediate"; if not, the outcome was "good."
The Rankin scale also assessed dependence. A score of 0 indicated no symptoms; 1 indicated minor symptoms not interfering with lifestyle; 2 indicated symptoms that might restrict lifestyle, but patients could look after themselves; 3 indicated symptoms that restricted lifestyle and prevented independent living; 4 indicated symptoms that prevented independent living, although constant care and attention were not required; and 5 indicated to- tal dependence on others, requiring help day and night. The classification of outcomes as "good" (a score of 0), "intermediate" (scores of 1 or 2), or "severe disability" (scores of 3, 4, or 5) was defined before the start of the trial. Patients were assessed at one, two, six, and nine months after randomization, and at each point the worst score from either questionnaire was taken as the outcome. Secondary outcome measures were coma-clearance time (days from randomization until observation of a Glasgow coma score of 15 for more than two consecutive days), fever-clearance time (days from randomization until observation of a maximal daily temperature of less than 37.5°C for more than five consecutive days), time to discharge from the hospital, time to relapse (defined by the onset of new focal neurologic signs or a fall in the Glasgow coma score of 2 points or more for two or more days after more than seven days of clinical stability or improvement at any time after randomization), and the presence of focal neurologic deficit nine months after randomization. These outcome measures were assessed daily by means of clinical examination by the principal investigator or by the physicians trained to assess disability. All data were recorded prospectively into individual study notes, entered into an electronic database (Microsoft FoxPro, Version 6.0), and doublechecked before analysis.
statistical analysis
The case fatality rate for tuberculous meningitis in adult patients in the two hospitals before the study (when corticosteroids were not routinely administered) was 35 percent. We calculated that 270 patients would be required in each group to provide at least 80 percent power to detect a 31 percent reduction in the case fatality rate, from 35 percent to 24 percent, with a two-sided significance level of 5 percent.
The outcomes were evaluated by intentionto-treat analyses and prespecified subgroup analyses. We used Kaplan-Meier estimates to display the survival experiences of the two treatment groups and the log-rank test to evaluate the equality of the survival distributions. Data on patients who were lost to follow-up were censored at the time of the last recorded outcome. The relative risk of death between the treatment groups was calculated by Cox regression. The combined outcome of death or severe disability by nine months was compared between the groups by the chi-square test, and the odds ratio for the outcome was calculated with the use of logistic regression. The last recorded disability score was considered to be the score at nine months for patients who did not complete followup. The prespecified subgroup analysis compared the primary outcome among subgroups of patients defined according to HIV-infection status, the British Medical Research Council grade, and diagnostic group (definite, probable, or possible tuberculous meningitis). Tests of interaction between subgroups and the assigned treatment were performed by a Cox regression model for survival data and by logistic-regression analysis (with the use of the likelihood-ratio test) for the combined outcome data.
The times to fever clearance, coma clearance, relapse, and discharge were summarized in each treatment group with the use of Kaplan-Meier estimates and were compared with the use of the log-rank test. The proportion of patients with focal neurologic deficit by nine months and the frequency of adverse events were compared with the use of the chi-square test. Multivariable analysis of baseline variables identified independent risk factors for death. The analysis was performed with the use of SPSS and Stata software. All reported P values are two-sided.
The independent data and safety monitoring committee reviewed the results of the study after 20 deaths, after one year of recruitment, and after the enrollment of 520 patients. The predefined criterion for stopping the trial early was a difference of more than 3 SD in the proportion who died in each group; the trial was not stopped early.
A total of 545 patients over 14 years of age were randomly assigned to receive either dexamethasone (274 patients) or placebo (271 patients) from April 4, 2001 , to March 29, 2003 (Fig. 1) . Median follow-up was 274 days (range, 28 to 442). Ten patients did not complete the nine-month follow-up (five in each group): five were lost to follow-up after one month (one in the dexamethasone group), three after two months (two in the dexamethasone group), and one after three months and one after four months (both in the dexamethasone group). Severe disability was recorded in 4 of the 10 patients (3 in the dexamethasone group), an intermediate outcome in 2 of 10 (1 in the dexamethasone group), and a good outcome in 4 of 10 (1 in the dexamethasone group). These observations were carried forward to nine months, and 545 patients were included in the analysis.
baseline characteristics of the patients
The baseline characteristics at randomization were similar in the dexamethasone and placebo groups ( The observations of patients who were lost to follow-up, who stopped treatment early, or whose allocation became unblinded were carried forward to nine months, and all 545 patients enrolled were included in the analysis. The proportion of patients with the combined outcome of death or severe disability nine months after randomization did not differ significantly between the groups, although treatment with dexamethasone was strongly associated with improved survival ( The time to fever clearance was significantly shorter in the dexamethasone group than in the placebo group (median, 9 vs. 11 days; P=0.03), but there was no significant difference between the dexamethasone and placebo groups in the time to coma clearance (median, 9 vs. 11 days, respectively; P=0.23) or the time to hospital discharge (median, 44 vs. 54 days; P=0.57). Relapse occurred in 89 patients (16.3 percent), 41 (15.0 percent) in the dexamethasone group and 48 (17.7 percent) in the placebo group (P=0.42), with no significant difference in the time to relapse between the groups (median, 41 days in the dexamethasone group vs. 38 days in the placebo group; P=0.12).
In patients who had hemiparesis or paraparesis at baseline, hemiparesis resolved by nine months in 36 of 48 patients (75.0 percent) who were given dexamethasone and in 30 of 37 patients (81.1 percent) given placebo (P=0.51). Paraparesis resolved in 19 of 28 patients (67.9 percent) given dexamethasone and in 9 of 11 (81.8 percent) given placebo (P=0.46). In patients without hemiparesis at baseline, hemiparesis was present by nine months in 14 of 226 patients (6.2 percent) in the dexamethasone group and 11 of 234 (4.7 percent) in the placebo group (P=0.48). Paraparesis was present in 11 of 246 patients who did not have paraparesis at baseline (4.5 percent) in the dexamethasone group and 11 of 260 (4.2 percent) in the placebo group * Alternative diagnoses were made only with histologic or microbiologic evidence. † Data were missing for one patient in each group. ‡ Scores on the Glasgow Coma Scale range from 3 (worst) to 15 (best), with 13 or higher indicating only mild brain injury. § MRC denotes British Medical Research Council criteria. Grade I indicates a Glasgow coma score of 15 with no neurologic signs, grade II a score of 11 to 14 (or 15 with focal neurologic signs), and grade III a score of 10 or less. ¶ CD4 and CD8 cell counts were performed only for HIV-infected patients. The counts were not performed in 12 of 54 HIV-infected patients in the placebo group and 6 of 44 in the dexamethasone group. (P=0.89). There were no significant differences between the groups in the proportions of survivors with clinically defined hearing loss or with reduced visual acuity.
prespecified subgroup analyses
Dexamethasone treatment was not associated with a significant reduction in the combined outcome of death or severe disability nine months after randomization when we analyzed subgroups defined by disease-severity grade at baseline (Table 2) . However, dexamethasone was associated with a significantly reduced risk of death after stratification according to the grade of disease. The case fatality rate was higher among HIVinfected patients than among uninfected patients * Grade I indicates a Glasgow coma score of 15 with no neurologic signs, grade II a score of 11 to 14 (or 15 with focal neurologic signs), and grade III a score of 10 or less. Scores on the Glasgow Coma Scale range from 3 (worst) to 15 (best (65.3 percent vs. 28.4 percent overall, P<0.001) regardless of treatment assignment. Although the number of HIV-infected patients was small, deaths in this group occurred at a constant rate throughout the 9 months of treatment, whereas deaths became infrequent after 50 days among patients not infected with HIV (Fig. 2) . The effect of dexamethasone on the combined end point of death or disability and on death alone was homogeneous across the HIV subgroups, although the stratified subgroup analyses failed to confirm a significant association between dexamethasone and improvement in either outcome ( Table 2 ). The effect of dexamethasone treatment was homogeneous across the subgroups defined according to whether the patients had definite, probable, or possible tuberculous meningitis (tests of heterogeneity, P=0.11 for death or severe disability; P=0.53 for death) and was associated with a reduced risk of death (stratified relative risk, 0.68; 95 percent confidence interval, 0.52 to 0.91; P=0.007).
Multivariable analysis of baseline characteristics revealed that death was independently associated with a Glasgow coma score of 10 or less, hemiparesis, previous treatment for tuberculosis, the presence of extraneural or pulmonary tuberculosis, HIV infection, a low hematocrit, a low cerebro-* Because of rounding, the percentages for the dexamethasone group do not total 100. Table 4 ). In particular, eight severe cases of hepatitis (one fatal) occurred in the placebo group, and none occurred in the dexamethasone group (P=0.004). The following adverse events led us to stop the study drug in 12 patients (5 in the dexamethasone group and 7 in the placebo group): gastrointestinal bleeding in 6 (3 in each group), bacterial sepsis in 4 (3 in the placebo group), and hypertension in 2 (1 in each group). The antituberculosisdrug dose or regimen was altered because of an adverse event on 62 occasions in the dexamethasone group and on 81 occasions in the placebo group, and changes in drug therapy were independently associated with death.
The results of this study show that adjunctive treatment with dexamethasone improved survival in patients over 14 years of age with tuberculous meningitis, but when the outcome measure was broadened to death or severe disability, there was no significant benefit. Meta-analysis of previous data is difficult, given variable methods of outcome assessment, loss to follow-up, and small numbers of survivors, but earlier studies suggested that corticosteroids reduced disability. 11 We assessed disability by means of two scores that have been well validated for the assessment of outcomes after stroke in the developed world 13 but not for other diseases in different settings. We sought to reduce intraobserver and interobserver variability by training four experienced Vietnamese physicians to assess all survivors, and there was excellent agreement in the scores they assigned. However, the scores may have lacked discriminative power in this setting, and we may have failed to detect a true effect. Data concerning focal neurologic sequelae suggest this failure is unlikely -dexamethasone did not affect the incidence or resolution of hemiparesis, paraparesis, or quadriparesis, which are the most common causes of severe disability due to tuberculous meningitis. Previous smaller studies have reported similar findings; the authors hypothesized that corticosteroids exert an effect by reducing basal meningeal inflammation and brain-stem encephalopathy but do not modify infarct-causing periarteritis. 10 Dexamethasone may improve outcomes by reducing the frequency of adverse events that necessitate a change in the antituberculosis-drug dose or regimen (such change was an independent risk factor for death in our study) -severe clinical hepatitis, in particular. Studies of pulmonary tuberculosis showed that corticosteroids reduced the incidence of severe drug-hypersensitivity reactions, 15, 16 but this effect has not been documented for other forms of tuberculosis and is not widely recognized. No increase in corticosteroidrelated adverse events was observed in our study.
There are no previous data from controlled trials of corticosteroids for HIV-associated tuberculous meningitis. The 98 HIV-infected patients recruited to our trial were severely immunocompromised (median CD4 lymphocyte count, 66 per cubic millimeter), and none were treated with antiretroviral drugs. These patients had a higher case fatality rate than the patients who were not infected with HIV, and although it was not possible to determine the cause of death, undiagnosed opportunistic infections may have been a factor. The treatment effect of dexamethasone was homogeneous across HIV subsets, and stratified subgroup analysis showed that dexamethasone was associated with a reduction in the risk of death that was not significant (P=0.08). The numbers of HIV-infected patients were too small for us to confirm or reject confidently a treatment effect, and the results may not be generalizable to populations with access to antiret- We are indebted to the doctors and nurses at Pham Ngoc Thach Hospital and the Hospital for Tropical Diseases who cared for the patients; to the administrative and laboratory staff of Pham Ngoc * A severe event was defined as any event causing or threatening to cause prolonged hospital stay, disability, or death.
† Subclinical hepatitis was defined as an increase in the aspartate aminotransferase or alanine aminotransferase level to more than twice the upper limit of normal that was not accompanied by clinical signs of hepatitis (e.g., jaundice, liver enlargement or tenderness, or vomiting). ‡ Clinical hepatitis was defined as an increase in the aspartate aminotransferase or alanine aminotransferase level to more than twice the upper limit of normal that was accompanied by clinical signs of hepatitis (e.g., jaundice, liver enlargement or tenderness, or vomiting). § Gastrointestinal bleeding was defined as oral or rectal gastrointestinal bleeding on visual inspection. ¶ Bacterial sepsis was confirmed microbiologically in blood or another sterile site of secondary pyogenic bacterial infection. ¿ Streptomycin reaction was defined as local or systemic reaction to the intramuscular injection of streptomycin. ** Rifampin flu was defined as persistent fever and influenza-like symptoms temporally related to the ingestion of rifampin (the symptoms stopped when the drug was stopped and recurred when the drug was restarted) with the exclusion of other possible infective diagnoses. † † "Other" denotes events that were reported fewer than four times. 
